The distribution functions of interstellar pick-up hydrogen and helium exhibit fluctuations which are correlated. An analysis of these fluctuations reveals that they may be the result of variations in, and provide additional evidence for, large mean free paths for these low rigidity particles. An analysis of the properties of the distribution function of pick-up hydrogen reveals that these particles do suffer considerable adiabatic cooling, and that the likely cause for the long mean free path is the inability of the particles to scatter through 900 pitch angle.
Introduction
One of the enduring problems in heliospheric physics is the long mean free path of low-rigidity particles in the solar wind. Solar flare electrons with rigidities _< 10 MV are observed to have mean free paths of a sizable fraction of an AU, despite the prediction by quasilinear theory, and many of its non-linear extensions, that there is ample turbulence in the solar wind to generate much smaller mean free paths [e.g., Bieber e! al., 1994; Palmer, 1982 ]. An extreme example of this issue is interstellar pick-up ions (interstellar neutral particles which are ionized in the solar wind). These particles have rigidities of a few MV, comparable to those of very low energy electrons, and are observed by Gloeckler e! al. [1995] to have mean free paths at high heliographic latitudes of order i AU. In this case, not only should ambient turbulence in the solar wind provide for more scattering, but also the distribution functions of these particles should be unstable immediately following their ionization, with the result that the particles generate their own turbulence and scattering [e.g., Lee and Ip, 1987] . [1995].
The variations in the mean free path envisioned here should be primarily spatial, i.e. the mean free path varies from field line to field line. Ulysses, then, as it crosses co-rotating field lines will experience different mean free paths, with resulting variations in the observed pick-up ions.
The role of adiabatic cooling
The observed distribution functions can also be used to estimate the extent to which the pick-up ions suffer adiabatic cooling in the solar wind. We consider the distribution functions observed in 24-hour intervals and we use them to form two different ratios.
The first ratio is the fraction of particles propagating outward relative to the solar wind, i.e. it is the ratio of the average value of the distribution function f observed in the speed range 1.6 _< w _< 2 to the expected average value of the distribution function in this speed range, fIso, for an isotropic distribution f(1.6-2)/f•so(1.6-2) reveals that the distribution is filled in velocity space due to adiabatic cooling. the particles suffer considerable adiabatic cooling. It may seem counter-intuitive for particles that experience little scattering to suffer substantial cooling. It is important, however, to remember that the source of the outward propagating particles are inward propagating particles, which are convected outward through the heliosphere relatively slowly. Such particles can have a longer than average dwell time in the inner heliosphere, and whether through scattering that they experience, or simply due to the expansion of the magnetic field in the solar wind frame, they should be adiabatically cooled. Presumably, then, the cooling occurs primarily while the particles propagate inward in the solar wind frame; they are then scattered into the outward propagating direction at this lower energy.
Causes of the long mean free paths 
